pilonidal sinus disease (pSD) is increasing globally. A recent meta-analysis and merged-data analysis showed that recurrence rates in PSD depend essentially on follow-up time and specific surgical procedures. However, the global distribution of surgical approaches and respective recurrence rates have never been studied in pSD. We aimed at studying the impact of geographic distribution of surgical approaches to treat PSD and subsequent geography-specific recurrence rates. We searched relevant databases as described previously. Recurrence rates were then associated with reported follow-up times and geographic origin. We simulated individual patients to enable analogy across data. Globally, recurrence rates range from 0.3% for Limberg/Dufourmentel approaches (95% CI 0.2-0.4) and flaps (95% CI 0.1-0.5) and up to 6.3% for incision (95% CI 3.2-9.3) at 12 months. Recurrence rates range from 0.3% for Karydakis/Bascom approaches (95% CI 0.0-0.8) up to 67.2% for incision (95% CI 7.5-100) in the USA, and 0.0% for primary asymmetric closure in Germany (95% CI 0.0-0.0). Our analysis shows that recurrence rates in pSD not only depend on therapeutic approaches and follow-up time but also on geography. Primary asymmetric closure and various flap techniques remain superior regardless of the geographical region. Some approaches have extraordinarily good outcomes in specific countries.
Results
Our original search and processing strategy was described previously 10 . In brief, after exclusion of duplicates, we screened 5,768 studies across various databases. Data pertaining to malignancies, embryonic development, and body regions other than the presacral intergluteal location was additionally excluded, leaving 1,148 articles. Of these, 408 reports lacked data on follow-up time or on recurrence or both. Subsequently, data deriving from 740 studies was included in the merged data analysis 10 . The flow chart based on the preferred reporting items for systematic reviews and meta-analyses (PRISMA) can be found in our first study; the same applies for the heterogeneity analysis of the data involved 10 .
Looking at the overall results, the recurrence rates at 12 months ranged from 0.3% for the Limberg/ Dufourmentel approach (95% CI 0.2-0.4) and the flaps approach (95% CI 0.1-0.5) to 6.3% for the incision and drainage approach (95% CI 3.2-9.3). At 60 months, the incision and drainage approach showed the highest recurrence rate: 36.8% (95% CI 26.3-47.2) ( Fig. 1, Table 1 ).
In the United States at 12 months the recurrence rates ranged from 0.3% for the Karydakis/Bascom approach (95% CI 0.0-0.8) to 67.2% for the incision and drainage approach (95% CI 7.5-100). The Limberg/Dufourmentel approach showed the lowest recurrence rate at 60 months, with 2.3% (95% CI 0.0-4.9) ( Fig. 2 , Table 2 ).
In Germany, patients undergoing the primary asymmetric closure approach had no recurrence at 12 months (95% CI 0.0-0.0), whereas patients undergoing the pit-picking approach had a much higher recurrence rate of 21.0% (95% CI 16.7-25.3) . At 120 months four surgical approaches showed recurrence below 20%: the primary open approach (10.0%) (95% CI 7.9-12.1), the primary median closure approach (16.1%) (95% CI 13.1-19.2), the primary asymmetric closure approach (7.1%) (95% CI 0.0-22.1) and the marsupialization approach (8.8%) (95% CI 2.0-15.5) ( Fig. 3 , Table 3 ). 16, 21, 29, 41, 49, 66, 78, 88, 133, 163, 172, 184, 189, 192, 195, 199, 200, 202, Limberg 1638* NA NA 25,28,31,33,52,56,67,92,100,127,128,130,131,137,139,140,148,149,163,165,170,172,174,182,190-192 -,201,205,207,208,231-233,243,246,267,268,270,272-274,291,292,295,297,305-309,311-313,317-398 Marsupialization ( 91, 98, 100, 108, 135, 173, 185, 191, 193, 227, 309, 322, 343, 362, 369, 375, 379, 424, 434, Incision and drainage (293 Patients in Turkey had very good outcomes with the flaps approach at 12 months (0.0% recurrence) (95% CI 0.0-0.0), but the incision and drainage approach was associated with recurrence of 39.4% at 12 months (95% CI 12.7-66.2) and 78.8% (95% CI 25.3-100) at 24 months ( Fig. 4 , Table 4 ).
Italy delivered outstanding results at 12 months for four procedures: recurrence was 0.0% for the primary open approach (95% CI 0.0-0.0), the primary asymmetric closure approach (95% CI 0.0-0.0), the Limberg/ Dufourmentel approach (95% CI 0.0-0.0) and the flaps approach (95% CI 0.0-0.0). Recurrence was relatively low with the marsupialization approach at 12 months (4.1%) (95% CI 0.5-7.7) and with the primary asymmetric closure approach at 120 months (3.6%) (95% CI 2.4-4.8) ( Fig. 5 , Table 5 ). Similar specifics can be shown for additional countries and regions such as Australia, New Zealand, Greece and Asia (Supplemental 
Discussion
We analyzed global data of more than 80,000 PSD patients for the years 1833 to 2017. Whereas in our previous study we only looked at follow-up time dependent recurrence rates of different surgical procedures, we now analyzed the geography's impact on recurrence rates. Most of the patients analyzed were from the US (8,017), Germany (4,965), Turkey (19, 809) or Italy (12, 443) . Focusing on the surgical approaches used in different countries and regions of the world, we assessed the recurrence rates at different follow-up times and found a correlation between geography and PSD recurrence for a variety of surgical treatments. Table 3 .
The primary open approach showed insufficient success in most geographical regions, with a recurrence rate of 41.5% being observed at 60 months in the US. This has not been shown before, and is appalling in its magnitude. Reasons for the high recurrence rate are not yet evident. Current evidence implies that non healing beyond 6 month post-surgery should be considered as recurrent disease 13, 14 . The application of metronidazole 10% ointment has enabled a faster wound closure in patients 15 and healing can be regularly expected within 6 months, however, some surgical wounds only close after 9 months or later. Further, non-healing wounds must not be confused with a scar overlying the sacral bone. By definition recurrent PSD is defined as a new sinus tract. Although stringent criteria to distinguish healing disorders versus recurrence are available, some variation in recurrence rate observation between countries might unfortunately have been published.
The primary midline closure, which is not recommended for use anymore, showed a recurrence rate of 25.3% at 60 months in the USA. The pit-picking approach had a high recurrence rate of 33.1% at 24 months in Germany and should therefore be used only selectively for the treatment of minor disease in PSD patients. Nevertheless, interim results of current studies on pit picking are more promising. In contrast to the finding in Germany, pit picking showed a very low recurrence rate of 0.8%* at 24 months in Turkey, justifying this treatment in the Turkish medical setting. Strikingly, the Karydakis/Bascom approach in Greek cohorts showed the lowest observed recurrence rate at the 120-month follow-up. Nevertheless, it should be kept in mind that Karydakis never fully disclosed his data details of several thousands of Greek recruits. In Italy, endoscopic therapy Table 5 .
approaches of different names are emerging and first results appear to be very promissing 16 . Given our data base embracing evidence ranging from 1833 to 2017, it is currently too early, however, to comment on their long-term recurrence rate since our data base misses the most recent publications. This approach might become a very promising approach in PSD surgery. Therapy of open wounds following surgery has not been standardized, and may be performed by either a doctor, a nurse or a family member. This is not sufficiently well described in most of the studies we cited. Even the most recently published US guidelines do not recommend a particular type of wound care for primary open treatment 17 . As increased duration of open wound treatment may increase recurrence rate 14 , and elevated body weight with consecutive metabolic derangements may prolong wound healing, body mass index (BMI) in relation to treatment applied may further influence recurrence rate in primary and secondary treatments. Obviously, there is some mastery of certain surgical methods which are widely applied in some countries, and this contributes to better regional results. In other countries, the same methods used less often may show more dismal outcomes, contributing to the geographic differences in recurrence rates. Recently, Doll et al. have shown that patients with strong axial hair shafts are more prone to pilonidal sinus disease, and Bosche et al. found short cut hair less 2 cm length in the pilonidal nests 18, 19 indicating that both genetic disposition and cultural hair styles can contribute to regional variation of pilonidal sinus incidence and recurrence rate.
Furthermore, our current study analyzes results published in scientific journals. These studies are often run at large university hospitals. While industrialized countries have better resources and can document, study and report therapy outcomes, more rural countries with less funding may struggle to do so. In terms of economics, the costs of treatment may differ based on location, treating institution and type of therapy.
Our results allow a more differentiated view of PSD treatment. Surgical approaches should be selected carefully based on treatment efficacy in general, and geographical influences have to be taken into account when aiming for optimal treatment efficacy.
In summary, recurrence rates of different surgical approaches used in the treatment of PSD are influenced by geographical factors. Certain surgical approaches -such as primary asymmetric closure and different flap techniques -remain superior, regardless of the geographical region. This is powerful evidence since the clinical settings, the genetic background of the patient population and economic settings do vary between different countries. Methods such as limited excision and phenol treatment should be limited to selected settings due to their high recurrence rates. Under certain circumstances their use can be justified by the lack of need for a hospital stay or as low-cost variant of treatment. Geographic peculiarities were identified, such as high recurrence rates for the primary open approach in the US, suggesting that other methods should be preferred in the American setting. Pit picking should be selectively applied in Germany due to its high recurrence rate, and ways to improve this interesting minimal invasive procedure should be investigated. The same surgical method is already showing promising results in Turkey. In the future, detailed investigation into geographical differences in recurrence rates for the same surgical PSD method may lead to the identification of further co-factors for recurrence in pilonidal sinus disease. Therefore, the standardized definition of recurrence should uniformly be used 13, 14 .
Methods
Our original search was described previously 10 . In brief, we searched for the NCBI Medical Subject Heading (MeSH) term "pilonid*", as well as ["cyst" AND "dermoid"] in MEDLINE, Ovid, PubMed Central, PubMed, Scopus, Embase, the Cochrane Central Register of Controlled Trials (CENTRAL) and other search engines to build the PSD database 10 . Publications from 1833 to 2017 in English, French, German, Italian, and Spanish were captured 10 . Reports in other languages were retrieved if recurrence at specific follow-up times and definitive treatment strategies were provided (National Health Service international prospective register of systematic reviews PROSPERO number 42016051588) 10 . Data were organized with Microsoft Excel (Version 2016, Microsoft Corp., Redmond, WA) 10 . Specific surgical approaches described in a report were listed in a data row, while columns included citation details (incl. country of origin), follow-up times, number of patients studied, recurrence, and study details 10 . Regularly recorded information included which hospital(s) participated and which region the patients came from. In the very few studies where this was not obvious, the patient's country of origin was defined as where the first author's hospital was located. If all other authors were from one hospital, and the first author exclusively was not, then the hospital of the last author defined the country. If an article addressed several surgical approaches, the data of each treatment strategy were managed separately 10 . Because the statistical measures Assoc 57, 388-391 (2007 
